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(57)AbstraGt: 

PURPOSE: To provide a producing method for a 6-titanium spring excellent in fatigue strength. 
CONSTITUTION: A coil spring is made of a fi-titanium alloy wire rod, which contains titanium as a base 
material. 2.0-4.0wt.% Al. 7.0-9.0wt.% V. 5.0-7.0wt.% Or, 3.0-5.0wt.% Mo, 3.0-5.0wt.% Zr, and is cold- 
worked at >70% reduction rate of area, and is aging-treated at >250** C and <600'' C and furthermore 
is shot-peening treated. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It carries out based on titanium. For aluminum V 2.0 to 4.0% of the weight 7.0 - 9.0 % of the 
weight To beta titanium~alloy wire rod which contains Cr 5.0 to 7.0% of the weight, and contains Zr for 
Mo 3.0 to 5.0% of the weight 3.0 to 5.0% of the weight It is the manufacture approach of the high fatigue 
strength beta titanium-alloy spring characterized by considering as coiled spring after adding cold 
working of 70% or more of reduction of area, performing desirably 525 degrees C or more 600 degrees C 
or less of aging treatment after that at 550-degree-C or more temperature of 600 degrees C or less, 
and performing shot-peening processing further. 



[Translation done.] 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

1 Tliis document has been translated by computer. So tFie translation may not reflect tlie original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the titanium-alloy spring 

which needs high fatigue strength, such as an object for engine valve springs. 

[0002] 

[Description of the Prior Art] A titanium alloy is specific gravity 4.8 g/cm3. Compared with steel, about 
40% is light, and modulus of transverse elasticity is 2 4000 kgf(s)/mm. It is the one half of steel. If the 
spring of steel and homogeneous ability, i.e.. this spring constant, is produced with a titanium alloy from 
such a property, the weight of a spring will be reduced about about 60%. Moreover, when the height of a 
spring also decreases, a natural frequency also increases further and the high-speed amplitude is given, 
resonance and the so-called surging phenomenon are also controlled. Therefore, when it is especially 
used as a valve spring for engines, effectiveness, such as improvement in the engine efficiency by 
reduction of the frictional resistance of a valve gear system, can be desired. 

[0003] the titanium-alloy spring which demonstrates such outstanding effectiveness — for example, the 
front ** collection of "the gathering for friendly discussion about Ti alloy" of the Japan Society for 
Spring Research issue — to be shown in p15-20, beta titanium-alloy wire rods, such as Ti-3aluminum- 
8V-6Cr-4Mo-4Zr or Ti-13V-1 1Cr-3aluminum, should be used, and pass the production process shown 
in drawing 6 — it is produced. 

[0004] Although aging treatment was performed after coiling processing by said production process, as 
the temperature requirement of the aging treatment currently performed conventionally was shown in 
JP.2-133578,A and JP,2-221377.A, all were 400-500 degrees C. 
[0005] 

[Problem(s) to be Solved by the Invention] This is because the highest tensile strength and the highest 
degree of hardness will be obtained if aging treatment is performed in this temperature requirement. 
That is, in the steel-wire material which is the conventional spring wire rod. since it was proportional to 
the tensile strength of a wire rod, and a degree of hardness, as for fatigue strength, in beta titanium 
alloy, the temperature conditions from which the highest tensile strength and a degree of hardness are 
obtained had been selected similarly. 

[0006] The relation of the aging temperature of Ti-3aluminum-8V-6Cr-4Mo-4Zr and tractive 
characteristics by which cold working was carried out to drawin g 5 80% is shown. As shown in this 
drawing, tensile strength is 2 160 to 180 kgf/mm by 400-500-degree C aging treatment. The value of 
the carbon steel oil tempered steel wire (SWO-V) average for valve springs is acquired. However, in the 
production process of a spring, even if it set aging treatment temperature as this temperature 
requirement, about the same spring fatigue strength as SWO-V was not actually obtained. Therefore, 
this invention is made in view of the above-mentioned situation, and it aims at offering the manufacture 
approach of beta titanium-alloy spring excellent in the fatigue property. 
[0007] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, this invention 
manufacture approach It carries out based on titanium. For aluminum V 2.0 to 4.0% of the weight 7.0 - 
9.0 % of the weight. To beta titanium-alloy wire rod which contains Cr 5.0 to 7.0% of the weight, and 
contains Zr for Mo 3.0 to 5.0% of the weight 3.0 to 5.0% of the weight After adding cold working of 70% or 
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more of reduction of area, it considers as coiled spring, and it is characterized by 525--degree-C or more 
thing for which 600 degrees C or less of aging treatment are desirably performed at 550~degree-C or 
more temperature of 600 degrees C or less, and shot-peening processing is performed further after 
that. 
[0008] 

[Function] It is because elongation and a diaphragm fall extremely and it becomes scarce that beta 
titanium-alloy spring produced by the conventional manufacture approach cannot obtain high fatigue 
strength at toughness, while tensile strength becomes high, since it is processed at the aging 
temperature of 400-500 degrees C. In this point and this invention, although some fall is looked at by 
tensile strength in order to perform 525 degrees C or more above 550 degrees C desirably, elongation 
and a diaphragm increase aging temperature, and toughness improves. Here, the upper limit of aging 
temperature was made into 600 degrees C or less, because tensile strength fell extremely above this 
temperature and a setting phenomenon became remarkable on the occasion of use of high stress. 
[0009] Moreover, fatigue strength can be further raised by performing shot-peening processing for the 
spring which processed on the above-mentioned aging conditions. Although it serves for shot-peening 
processing to give compressive stress to the front face of a spring, and to mitigate the tensile stress 
which caused destruction, irregularity is produced on a front face by this processing, and this irregularity 
serves as an origin of destruction conversely. At the aging treatment temperature in the production 
process of the conventional beta titanium-alloy spring, as mentioned above, susceptibility [ as opposed 
to surface irregularity by toughness fall ] was high, and the improvement effectiveness of the fatigue 
strength by shot peening was low. If it processes in the aging temperature requirement of this invention, 
it improves, the susceptibility over surface irregularity falls, and the improvement effectiveness of the 
fatigue strength by shot-peening processing can demonstrate toughness further. 
[0010] 
[Example] 

(Example 1) this invention spring was actually produced and the fatigue test was performed about this. 
The wire rod used for manufacture of a spring is beta titanium-alloy rolling wire rod "Ti-3aluminum-8V- 
6Cr-4Mo-4Zr (% of the weight)" of Bmmphi. First, coil ring processing was performed in the spring item 
which carries out cold drawing of this to 3.2mmphi, and is shown in Table 1 after that. Next, aging 
treatment was performed in argon inert gas on the conditions shown in Table 2, shot-peening processing 
was performed further, and it produced 20 coiled spring at a time for every aging conditions. 
[0011] 
[Table 1] 
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[0012] 
[Table 2] 
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[0013] Moreover, Ti-15V-3aluminum-3Cr-3Sn and the wire rod of Ti-6aluminum-4V produced the 
spring similarly as comparison material. In addition, about Ti-15V-3aluminum-3Cr-3Sn, although the 
sample was obtained especially satisfactory, since the open circuit arose in cold drawing processing of 
30% of reduction of area, 750-degree C annealing was repeated and carried out to the wire drawing of 
25% or less of reduction of area, and it was made the coiled spring of 3,2mmphi by Ti-6aluminum-4V. 
Furthermore, it produced as conventional material in 20 spring items which show the coiled spring made 
from SWO-V in Table 3. About the spring sample obtained above, it is a spring fatigue test Average 
bolting stress taum=60kgf/mm2, amplitude stress taua=35kgf/mm2, and count =of repeat 1 07 It carried 
out in the time and the setting after a trial (residual shear distortion) was measured further. The result 
is shown in Table 4. 
[0014] 
[Table 3] 
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[0015] 
[Table 4] 
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[0016] *♦ which comparison material (they are **s and all the alloy kinds B and C to the alloy kind A, 
aging condition and ** list) has many breakages after a trial generally, and does not remain as 

shown in Table 4 — a distorted value is high. On the other hand, each spring (the alloy kind A, aging 
condition **-**) obtained in this invention example has few breakages, the value of this distortion is 
also comparatively small, the value of the coiled spring average made from SWO-V is acquired, and 
excelling in the fatigue property was checked. 

[0017] (Example 2) Next, coiled spring was produced using the same wire rod as an example 1. and the 
fatigue test was carried out. Coil ring processing was performed in the spring item which carries out cold 
drawing of the beta titanium-alloy rolling wire rod "Ti-3aluminum-8V-6Cr-4Mo~4Zr (% of the weight)" of 
lOmmphi to S.Ommphi, and is shown in Table 5 after that. Next, aging treatment was performed in argon 
inert gas on the conditions shown in Table 6. shot-peening processing was performed further, and it 
produced 30 coiled spring at a time for every aging conditions. Moreover, it produced as conventional 
material in 30 spring items which show the coiled spring made from SWO-V in Table 7. 
[0018] 
[Table 5] 
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[0019] 
[Table 6] 
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[0020] 
[Table 7] 
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[0021] About such coiled spring, it is a spring fatigue test Average bolting stress taum=60kgf/mm2. 
amplitude stress taua=30, 32.5. 35 and 37.5, and 40kgf/mm2 It carries out and is count =of repeat 1 07. It 
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asked for the fatigue limit in a time. Furthermore, the setting after a trial (residual shear distortion) was 
measured. The S-N diagram of the spring obtained by aging condition *♦ and **** in Table 8 in the 
result again and the spring made from SWO-V is shown in drawing 1 - drawing 4 , respectively. 
[0022] 
[Table 8] 
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[0023] ** which comparison material (it is ** to aging condition and ** list) has a low fatigue 

limit and does not remain as shown in Table 8, drawing 1 , and 3 — a distorted value is high. On the 
other hand, comparatively, the fatigue limit was high (refer to drawing 2 ), the value of this distortion was 
also small, and, as for the spring (aging condition **-♦*) obtained in this invention example, excelling in 
the fatigue property was checked. These results do not exist ****** compared with the test result of 
the spring made from SWO-V shown in Table 8 and drawin g 4 . 
[0024] 

[Effect of the Invention] As explained above, according to this invention manufacture approach, the 
titanium-alloy spring excellent in the fatigue property can be obtained. Therefore, effective use in the 
field which needs high dependability, such as an object for automobile engines, is expectable. When it is 
especially used as a valve spring, the frictional resistance of an engine valve gear system can be 
mitigated, and it can contribute to improvement in engine efficiency, and high rotation-ization. 



[Translation done.] 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The S-N diagram showing the fatigue test result of the sample of aging condition ** in an 
example 2. 

[Drawing 2] The S-N diagram showing the fatigue test result of the sample of aging condition *♦ in an 
example 2. 

[Drawing 3] The S-N diagram showing the fatigue test result of the sample of aging condition ** in an 
example 2. 

[ Draw ing 4] The S-N diagram showing the fatigue test result of the spring made from SWO-V. 
[Drawing 5] The graph which shows the tractive characteristics of beta titanium-alloy spring. 
[ Drawin g 6] The production process Fig. of beta titanium-alloy spring. 



[Translation done.] 
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